Background Hypertension is a common chronic disease among older adults, and is associated with medical complications and mortality. This study aimed to examine the effects of social network characteristics on the prevalence, awareness, and control of hypertension among older adults. Methods The Korean Social Life, Health, and Aging Project (KSHAP) interviewed 814 ≥ 60-year-old residents and their spouses from a rural township between December 2011 and March 2012 (response rate: 95%). We evaluated the data from 595 participants. Multivariate logistic regression models were used to assess the effects of network characteristics on hypertension. Results We observed strong sex-specific network effects on the prevalence, awareness, and control of hypertension. Among older women, network density was associated with hypertension awareness [odds ratio (OR): 2.63, 95% confidence interval (CI): 1.03-5.37] and control (OR: 1.72; 95% CI: 0.94-3.13). Among older men, large networks were associated with a lower prevalence of hypertension (OR: 0.75; 95% CI: 0.58-0.96). Compared to older women, older men with coarse networks exhibited better hypertension awareness (OR: 0.37; 95% CI: 0.14-0.95) and control (OR: 0.42; 95% CI: 0.19-0.91). Network size interacted with density for hypertension control (P = 0.051), with controlled hypertension being associated with large and course networks. Conclusions A large network was associated with a lower risk for hypertension, and a coarse network was associated with hypertension awareness and control among older men. Older women with dense networks were most likely to exhibit hypertension awareness and control.
Introduction


Hypertension is one of the most common chronic diseases among older adults, and its prevalence has increased with the growing population of older adults. [1] In South Korea, 30% of the adult population (> 30 years old) had hypertension in 2013, and approximately 28% of the adult population had hypertension in 2005. [2] Furthermore, approximately 58.6% of older Korean adults have hypertension, and this rate is much higher than the rate among 30-37-year-old adults (9.7%) or 40-59-year-old adults (27.7%). [2] Hypertension awareness, control, and prevention are im-portant considerations for addressing this disease. In South Korea, 84.8% of individuals with hypertension are aware that they have high blood pressure, with 83.2% of individuals receiving antihypertensive medications and 57.4% of individuals having controlled hypertension. [2] However, despite > 80% of older adults with hypertension being aware of their condition and receiving medication for hypertension, 50% of seniors have uncontrolled hypertension. Therefore, greater efforts are needed to promote hypertension awareness and control, as this condition can cause medical complications and death. [3, 4] It is difficult to control an individual's blood pressure, and previous studies have focused on the importance of early detection, [5] medical treatment, [6] [7] [8] and management of patients' diet and exercise. [9] In addition, recent studies have started to concentrate on the effects of social factors on hypertension management, such as the patient-doctor relationship, [10] or social support from families and friends. [11] [12] [13] These relationships can help promote coping behaviors, provide information, and promote emotional stability. [14] Several studies have also revealed that social interventions http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology are much more effective than simply focusing on individual risk factors, which has new implications for public health policy at the national level. [15] Although numerous studies have examined social relationships, only a few studies have investigated the association between social networks and hypertension. [16] [17] [18] Therefore, this study aimed to investigate the effects of social network characteristics (e.g., size and density) on the prevalence, awareness, and control of hypertension among older adults. In particular, we focused on the sex-specific effects of social network characteristics on hypertension.
Methods
Study sample
This study used data from the Korean Social Life, Health, and Aging Project (KSHAP). The KSHAP study was designed to examine the entire population of ≥ 60-year-old adults and their spouses in Township K, which is located on Ganghwa Island, Korea. Township K is a typical rural Korean community, with ten Ris (the smallest administrative unit in Korea) in one Myeon (township). The total population of Township K in January 2013 was 1864 individuals from 871 families. The KSHAP study identified 860 older adults and their spouses. Approximately 67% of the respondents were working, and 88% of the respondents actively farmed. [19] Between December 2011 and March 2012, the KSHAP study completed a face-to-face population-based survey that included 814 of the 860 older adults and their spouses who were living in Township K (response rate: 95%). The interviews were performed in the respondents' homes or at community centers, with an average duration of 48 min. All KSHAP participants were invited to health examinations, and 698 people (85.7% of the KSHAP participants; 81.1% of the target population) completed health examinations at a public health center (n = 533) or at their homes (n = 165). [19, 20] The KSHAP study's design was approved by the institutional review board of Yonsei University (YUIRB-2011-012-01).
Analyses for the present study were restricted to 595 respondents, after excluding respondents with insufficient information regarding blood pressure (n = 116), body mass index (BMI, n = 30), education (n = 8), blood pressure check-ups (n = 6), social support from family or friends (n = 11), or participants who had zero (n = 5) or one (n = 43) social network member.
Prevalence, awareness, and control of hypertension
The prevalence, awareness, and control of hypertension were measured using self-reporting and blood pressure measurements. Resting systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured at least twice, using the oscilloscopic method and an automatic sphygmomanometer (Carescape Dinamap V100; GE Healthcare, Milwaukee, WI). Before each measurement, all participants rested for ≥ 5 min in a seated position, and the cuff size was adapted to their right upper arm. If the first and second SBP and/or DBP measurements varied by ≥ 10 mmHg, additional measurements were performed, and the average of the last two measurements was used for the analysis. [21] Hypertension was defined as an average SBP of ≥ 140 mmHg, an average DBP of ≥ 90 mmHg, and/or a self-reported clinical diagnosis of hypertension. Hypertension awareness was defined as a self-reported clinical diagnosis of hypertension among participants who were found to have hypertension at the health examination. Among the participants with hypertension, hypertension control was defined as an SBP of < 140 mmHg and a DBP of < 90 mmHg. Respondents were classified as not having hypertension if they did not report a clinical diagnosis of hypertension and exhibited normal blood pressure at the health examination. [22] 
Social network characteristics
To collect egocentric network data, the KSHAP adopted a module that was similar to the module that was used in the National Social Life, Health, and Aging Project. The network module allowed each respondent to identify several members of their personal network, and to provide information regarding these people and their relationships. [23] The KSHAP interviewers asked the respondents to list up to five social network members with whom they had discussed important topics during the last 12 months and a spouse, if applicable (a maximum of 6 members, with a possible range of 0-6 members). [19] However, we excluded respondents who had any zero or one network member, as we aimed to obtain information regarding the relationships among the network members. Thus, the networks in the present study had 2-6 members.
Density was used to address the relationships within a network, and was defined as the number of relationships that existed among the members of an individual's social network, as a proportion of the total possible number of relationships. [24, 25] Density was calculated using the following formula, with 'i' indicating a respondent, 'j' and 'q' indicating network members, 'x jq ' indicating the relationship Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com between 'j' and 'q', and 'N' indicating the total number of people in the network.
To evaluate density, each respondent was asked the following question: "How often does (network member 1) talk to (network member 2)?" The responses were measured on an eight-point scale that ranged from "every day" to "less than once per year." We assumed that a relationship existed between the two network members if the respondent reported that they "have spoken to each other at least once per week." Next, density was evaluated as a binary variable based on the average score. A coarse network was defined as a density that was lower than the mean score, and a dense network was defined as a density that was above the mean score. This is because highly dense networks exhibit members who are highly interconnected and provide cohesive, strong, and effective support systems. [26] 
Other measurements
Three indicators of health-related behaviors were included in the analysis: cigarette smoking, alcohol consumption, and blood pressure monitoring. These health-related behaviors are typically included in the recommended lifestyle changes for individuals who are diagnosed with hypertension. Participants were classified as cigarette smokers if they answered that they "currently smoke cigarettes." Participants were classified as consuming alcohol if they answered that they "currently drink alcohol". Participants were classified as regularly checking their blood pressure if they answered that they check their blood pressure "at least once per month". In addition, we considered BMI because obesity can cause hypertension, and participants were classified as having a BMI of < 23.0 kg/m 2 or ≥ 23.0 kg/m 2 . We also accounted for diagnoses of other health problems, such as diabetes, that might influence hypertension awareness and management.
The multivariate regression analyses were adjusted for social support from family or friends. Instrumental support from family or friends was measured by asking how often the participant relied on family or friends for help if they had a practical problem. Emotional support from family or friends was also measured by asking how often the participant expressed their worries to their family members or friends. Instrumental and/or emotional support was considered present if the participant indicated that they "occasionally" or "frequently" sought support. We also controlled for socio-demographic characteristics, such as age, current working status, and education level.
Statistical analysis
Serial multivariate logistic regression models were constructed to identify factors that were associated with the prevalence, awareness, and control of hypertension. The first model included age, current working status, education level, BMI, cigarette smoking, alcohol consumption, diabetes, blood pressure check-ups, and social network characteristics. In addition to these factors, the second model included the interaction term between network size and density. Statistical analyses were performed separately for men and women, and the results were presented as odds ratios (ORs) and 95% confidence intervals (95% CIs). Two-sided P-values of < 0.05 were considered statistically significant. All analyses were performed using STATA software (version 12.0; College Station, TX).
Results
Participant characteristics
Hypertension was observed in 394 participants (66.2%), which included 156 men and 238 women. Among the individuals with hypertension, 41 men (26.3%) and 49 women (20.6%) were unaware of their hypertension, while 115 men and 189 women had been diagnosed with hypertension. Uncontrolled hypertension was observed in 84 men (53.8%) and 129 women (54.2%), and controlled hypertension was observed in 72 men and 109 women (Table 1) . Table 2 showed the results for the risk for hypertension among older men according to their socio-demographic, health, and social network characteristics. Among older men, hypertension was associated with a high BMI (OR: 1.88, 95% CI: 1.04-3.39) and consuming alcohol (OR: 2.08, 95% CI: 1.16-3.76). Compared to participants without hypertension, participants with hypertension were more likely to have a small social network (OR: 0.75, 95% CI: 0.58-0.96).
Risk for hypertension
Among older women, hypertension was associated with older age (OR: 1.10, 95% CI: 1.06-1.16) and a BMI of ≥ 23 kg/m 2 (OR: 2.12, 95% CI: 1.26-3.57). Consuming alcohol was associated with a reduced risk for hypertension (OR: 0.47, 95% CI: 0.25-0.86). The risk for hypertension was not significantly associated with education level, diabetes, emotional support, instrumental support, network size, or network density.
Hypertension awareness
Older men with diabetes were more likely to be aware of their hypertension (OR: 4.96, 95% CI: 1.21-20.35). In addition, older men who checked their blood pressure at least once per month were more likely to be aware of their hypertension (OR: 8.25, 95% CI: 3.15-21.62). Older men with Data are expressed as mean ± SD or n (%).
dense networks were less likely to be aware of their hypertension (OR: 0.37, 95% CI: 0.14-0.95), Table 2 . Among older women, checking blood pressure at least once per month was associated with hypertension awareness (OR: 11.57, 95% CI: 5.00-26.77). Instrumental support from friends was positively associated with hypertension awareness (OR: 6.08, 95% CI: 2.01-18.41). Older women with a dense network were more likely to be aware of their hypertension (OR: 2.36, 95% CI: 1.03-5.37), Table 2 . In model 2, the interaction term for network size and density also indicated that the association between network size and controlled hypertension varied according to network density (P = 0.051).
Hypertension control
Older women who checked their blood pressure at least once per month were more likely to have controlled hypertension (OR: 2.23, 95% CI: 1. 16-4.29) . The number of individuals in the discussion network was not significantly related to hypertension control. However, older women with a dense network were more likely to have controlled hypertension at the 90% significance level (OR: 1.72, 90% CI: 0.94-3.13).
In supplemental analyses, hypertension control was defined as an average SBP of < 130 mmHg and an average SBP < 80 mmHg for the respondents who reported that they had been diagnosed with diabetes. The results are not included in the tables presented here but could be found in online data Table S1 .
Discussion
This study investigated the effects of social network characteristics on hypertension management among older Korean adults. We found strong sex-specific network effects on the prevalence, awareness, and control of hypertension. For example, men with a large and coarse network tended to have better hypertension management, and women with a dense network had better hypertension management.
We had anticipated that a large network would reduce the risk for uncontrolled or previously unidentified hypertension, although we only observed this relationship among older men. The effect of network size can be explained through three mechanisms: improving health-related behaviors, maintaining psychological health, and satisfaction with one's life promoting health. As physical and mental capabilities deteriorate with age, health status is related to a willingness to maintain health and to perform positive health-related behaviors. Therefore, social relationships can promote selfesteem and self-confidence among older adults, although [27, 28] Social network size and density were relevant for hypertension management. In the present study, older men with large and coarse networks exhibited a greater likelihood of having controlled hypertension, compared to men with a small and dense network. This finding indicates that men with a large and coarse network were more likely to personally control their health, compared to men with a highly dense network. We believe that large and coarse networks of individuals from diverse backgrounds might provide older men with better information and greater social prestige. In this context, older men tend to focus on shared activities, rather than relational support from close friendships. [29] Thus, establishing intimate relationships throughout various social network increases pride among men, which would increase motivation to preserve their appearance and health, and might actually improve their health.
Among women, our results indicate that network characteristics also affected hypertension management. Although the social network characteristics were not associated with the prevalence of hypertension, we found that individual characteristics, such as older age and obesity, were risk factors for an increased prevalence of hypertension. Interestingly, the effects of network density on hypertension management among women highlight the sex-specific effects of social network characteristics on hypertension. For example, network density is relevant among older women, regardless of network size, as network density was associated with better hypertension awareness. Older women with a dense network also seemed to have the best hypertension management. Therefore, we believe that older women receive important emotional, instrumental, and information support through dense networks. These results suggest that women likely rely on their social network for emotional, instrumental, and information support. [30] Compared to men, women invest more time and energy in creating intimate interpersonal relationships, [24] and place more emphasis on confiding, reassuring, and talking to the members of their network. [31] Thus, a dense network likely provides a greater positive effect on health among women, compared to the effect among men.
However, this study also has several limitations. First, this study used data from a community-based survey, which are not representative of the entire Korean population. Second, blood pressure was only measured only in the clinical testing, as ambulatory or home blood pressure monitoring was not available. Thus, we could not control for the potential effects of white-coat hypertension or masked hypertension. Third, there is a possibility of reverse causality because of the data's cross-sectional nature (i.e., differences in network types may arise from health status). However, sex-specific differences in the association between social networks and hypertension management still exist in the reverse causal relationship.
The findings of this study indicate that sex-specific characteristics of social networks might be used to help to prevent, detect, and control hypertension among older adults. Therefore, future studies are needed to provide additional sex-specific data regarding hypertension-related behaviors, which can faciliate the development of sex-specific prevention strategies.
